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Description 

The present invention is concerned with sponge adsorbent media having functional groups chemically 
bonded thereto. 

There are two broad ways of making cellulosic materials in the form of flexible sponge and having 
functional groups (such as ion-exchange groups) chemically bonded to the cellulose. In one method, as 
described in GB 914421, a pre-formed flexible cellulosic sponge is modified by reaction with a reagent 
which introduces ion-exchange groups (such as orthophosphoric acid or sodium chloroacetate). GB 
1387265 discloses ion-exchange cellulosic material prepared by reaction of cellulose with a reagent which 
introduces ion-exchange groups, followed by regeneration into the desired physical form, among which is 
sponge. 

GB 1226448 discloses a method of making an ion exchanger, which comprises the introduction of 
cross-linking residues into regenerated cellulose together with or followed by introduction of cation or anion 
exchange groups into the cellulose. The cellulose is typically obtained from viscose; no preferred physical 
form for the cellulose is specified (i.e. the cellulose may be used in a variety of physical forms such as rod, 
filament, yarn, woven cloth, flakes, beads, granules, powder, sponge, tube or sheet). 

US 4332916 is concerned with the concentration of heavy metal ions from aqueous solutions, and 
teaches an ion exchange sponge material comprising non-woven regenerated cellulose. The sponge has an 
open pore structure and is cross-linked with a water soluble polymeric material containing cation exchange 
sites. 

US 4374204 is concerned with a porous open cell material comprising foamed polyvmylformal or 
foamed polyurethane, together with a reactive filler. The filler comprises ion-exchange and/or complex 
forming fibres, the fibres having a length greater than the size of the pores and being present in an amount 
of 1 0 to 80% of the sponge. 

EP 0451706 is concerned with optimising the surface area per unit weight, and also the ion exchange 
capacity and physical strength of an open pore foamed cellulose material. The cellulose material taught by 
EP 0451706 has a pore diameter of 0.5 to 12.0mm, a specific surface area of 1.0 to 10.0m 2 /g, a density of 
1 .4 to 1 .6g/cm 3 and a porosity of at least 90%. 

Hydrophilic' cellulosic chromatographic media have been widely used for the isolation or separation of 
macromolecules, such as proteins, both in the laboratory and on a commercial scale. However, sponge 
adsorbent media have not been used greatly in commercial chemical separation operations (such as ion- 
exchange separation techniques), probably because of the absence of any sponge adsorbent media 
possessing the required porous structure and the resulting difficulties of ensuring adequate contact between 
the liquid being treated and the sponge. For this reason, particulate and granular media are generally used, 
despite the disadvantages associated with the use thereof such as slow flow rates, plugging of the bed, and 
maldistribution of flow and also the need for considerable skill in filling a column to avoid channelling. 

The mass transfer rate of substances being treated by means of adsorbent media is generally diffusion 
limited. The adsorption reaction at the surface of adsorbent media is fast, whilst limiting processes for 
adsorption and elution are the film diffusion resistance around the matrix and the pore diffusion resistance 



certain length, the flow rate being inversely proportional to column length. When recovering a biological 
molecule present in very low concentration in a large volume of feedstream, flow rate and capture efficiency 
are the major factors to be optimised. 

45 A problem with the teaching of the prior art is the absence of a sponge adsorbent medium which 
optimises mechanical strength together with high capacity for macromolecules, such as proteins. 

The present invention is concerned with a method of preparing sponge adsorbent media having a pre- 
determined porous structure and which method involves modification of a flexible sponge, so as to alleviate 
the problems associated with the prior art. 

so The method according to the present invention produces sponge adsorbent media (typically cellulosic 
sponge media) having superior flow properties and adsorption and desorption kinetics, and which are also 
specifically modified so as to be suitable for use as chromatographic adsorbents. 

The present invention is concerned with a method of preparing a sponge adsorbent medium by cross- 
linking a flexible hydrophilic sponge containing substantially uniformly distributed fibrous reinforcement. 

55 and, simultaneously or subsequently, reacting the sponge with a reagent which introduces functional groups 
into the modified cross-linked sponge. 

The improvement provided by the present invention comprises the reinforcement being hydrophilic and 
the cross-linking being controlled so as to ensure that the resulting sponge has a water retention value of 2 
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The fibrous reinforcement preferably comprises cotton linters. typically present in an amount of 2 to 
50% by weight' materials such as jute, cotton fibres, flax or other hydrophilic fibres may alternatively be 
used Such hydrophilic fibres preferably contain free hydroxy which are reactive with the cross-l.nk.ng agent 
arft pr«terablv cellulosic. In some embodiments, nylon or other hydrophobic fibres may be 
used" in~ addition to the hydrophiiic fibres. The fibrous reinforcement used according to the invention 
nrovides a supporting structure which permits chemical modification of the pre-formed sponge without 
complete disintegration, and also provides the sponge with sufficient rigidity for the latter to be suitat e for 
use as a chromatographic adsorbent. (The sponge materials prepared as described in GB 914421 and 
13 87265 would be too compressible to be used as chromatographic adsorbents.) 

Preferably the flexible sponge is a polymeric material which typically comprises a polysaccharide (such 
a c regenerate ^i.u.ose or cross-linked dextrans), or polyvinyl alcohol. The use °\^ h, " C J^ 
as regefleraieu wjmu « ^ ,.e « a t„ n »„ tn hs less suitable for chromatographic 



polymers is beneficial because hydrophobic materials are known to be less suitable tor chromatography 
wo k with proteins. This is because irreversible binding and denaturation of the prote.n often occurs as a 
Tesult o the use of such hydrophobic materials. Particularly preferred hydrophilic sponge polymers are 
Doivsaccha'des (such as regenerated cellulose, which can be solubilised and then regenerated ,n a number 
oT ways) Cca this can'be done either via an intermediary product such as an ester, by the viscose 
process or by dissolution in cuprammonium hydroxide. Regenerated cellulose is also particularly preferred 
because t e on exchange groups can be advantageously located in eas.y accessible s.tes sue , « .the 
poTe surfaces (as opposed to being buried within the body of the adsorbent medium) and this helps ,n 
achievina fast kinetics of adsorption. 

The sponge body may be further supported by a rigid mechanical support such as wire or an open 
mesi typically of nylon or other hydrophobic fibres, although in some embodiments the body may contain 
oTe or more "hydrophilic meshes made from such material as cotton senm or flax. Therefore in one 
embodiment the flexible cellulosic sponge may be moulded about the mechanical support before regenera- 
Tn oMhe cellulose. In another embodiment, the mechanical support may be introduced into the flex.b e 
celulosrsponge after regeneration of the cellulose and may be held in place by the use of a su.table 

'^Thrnature of the porous structure of the flexible sponge to be used in a method according to the 
present invtn^n is determined by the nature of the chromatographic separation in which it is required to 
P used and can therefore be varied so as to be suitable for its required use. Typically, howeve, he 

, us>eu, anu ;r,„ 0 ntinn has a tnta void VO ume in the 



Srous str ture of £ spYngVused in a method according to the invention, has a total void volume n the 
range o 70 to 98% (preferably 80 to 96%) of which the fractional voidage is no more than 95% thereof 

it °s generally preferred that the flexible sponge contains primary and secondary pores. The primary 
pore are interconnecting pores which are dimensioned so as to allow the free passage of the process 
LSsTroughouTtne sponge. The secondary pores are provided in the walls of the pr.mary pores he 
ormer 2flt majo'ty of chromatographic adsorption sites. It is beneficial if the rate of diffusion of the 
!l™^rJnSic solution in and out of the pores is rapid. It is therefore preferable that .the walls between 

w^l the polymeric material is cellulose, the sponge-forming polymeric mater.al ,s contacted w,th the gas 
Ti her prforC or simultaneous with, regeneration of the sponge. Either a gas, or gas forming materia, j 
f are introduced into the polymeric solution. Examples of gas-forming materials include solids, volat e 
au L chemS rea gents (such as calcium carbonate and acid), thermally decomposable materials (to 
cause evoSn of a gas by. for example, decomposition of bicarbonate) or b.clogical agents (such as 

de Tf S %^icularly preferred that the gas-forming materials are solid reagents such as powders, crystals 
oils wax£ ^or ground biological tissue. The use of solids as precursors for the gaseous P ore-form,ng agents 
fmorT suitable for the production of primary pores than secondary pores; this ,s because it ,, often 
extZelv dSult to-produce solid particles of a sufficiently small size generally required for the production 
extremely ditticuit io p u h ^ ce| , u|ose the nt may be rem0 ved 

r^STo, Z ceilose into so.id form, the removal typically « either 
r^mpnTwith an acid an alkali or an enzyme, the use of electromagnetic energy or solvent action. 
1 " * "art! * reefer ed' ka met hod of producing a sponge having an interconnecting porous structure 
involve! use of a xanthate; the latter method is preferred because the size of pores produced by gas g,en 
off by the xanthate can be varied by varying the degree of substitution of the latter. 
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A further preferred method of producing a sponge having an interconnecting P 0 ^J r ^ u ^ nv °^= 
thP use of crystals of hydrated sodium sulphate where pamcies oi va.yu.y — — • -■ - 

h -oh esolution on a laboratory scale, crystals of hydrated sodium sulphate havng a particle size ,n the 
Sqe from 200 to 400 microns can be used to make the interconnecting pores. For a larger scale 
omme ciT. separation requiring high flow rates, crystals of hydrated sodium sulphate having a particle size 
ofT^OO to 3000 microns can be used. It is particularly difficult to use hydrated sodium sulphate with 
oarticle s ze less than 100 microns to form correspondingly sized pores In the sponge. However, when it is 
repld To produce a sponge having a pore size in the order of 100 microns other solids such as ca.c.um 

Car TirJ vlmfo. the primary pores (i.e. fraction, voidage) ,s dependent on the amount ^ prjrjjj 
pore forming agent introduced into the sponge-forming polymeric solution and as hereinbefore described 
ran takp anv value ud to 95% of the total void volume. 

^ w alls of the pri mary pores .arqely depends on the quantity of primary pore formin g 
^Z^m^ Jto tertuZ *^ forming polymeric material. Among other /actor, «ne 
agent wnicn s m , v particles of the primary pore forming agent fit 

t m o~he 'o of e f P u e nctio°na, groups whfch can'be introduced per unit volume in**, f^ble 
soonqe wHI generally be increased as the density of the sponge is increased. The thickness of the pnmary 
pore wa^ m'a y b Varied depending on the required use of the sponge adsorbent mediu m. ^ «cajjple^f 
pore wans may essing of mjnera | ions, then a thick wall can be used because the d ffus on 

are Lt. However, if the medium is used for the chromatography of macromolecu es 
wall would be preferred because of the slow rate of diffusion of the 

, , o ( hr n „oh >h P wall It is not oossible however to obtain uniform wall thicknesses within a 
macromolecutes ^ough e wa,L s not p ^ ^ ^ rangjng g and 

ITZZs in method accTrdinTto the present invention, the resultant adsorbent medium generally 
cLpr^'an interconnecting porous structure where the primary pore wal, thickness ,s typically ,n the 

"Tn t 2 l 3 o?t^ C p 0 orous sponge media, it is desirable to achieve plug flow (which is associated with the 
bes qua-it separation^) and to minimise axial dispersion or back mixing^ A narrow range of pnmary pores 
sizes is therefore preferred, and overlarge pores which can be associated with 



the medium 
rates for mineral 
such as proteins, then a thi 



range of primary pores 
uniform flow should be 



eliminated. 

The secondary pores may be naturally occurring n 



;ult of variation in its density or 
3 generally used in conjunction with 



maw formed bv the use of a pore forming agent or agents which a _ 

L pnmaTpore forming agent. Typically the secondary pores are smaller than the pnmary pores and may 
56 ' A r Tro y nof y th°: ^"ma^may be mixed with a removable reagent having individua, particles 
of a predetermined size so as to produce a flexible sponge having a desired secondary pore structure 
a sxructurTZZ a pore size determined by the reagent particle size). A liquid (probab.y ,mm, able , ™ h 
1 , Z, TnhLnf can be added to the polymer solution which upon mixing forms cont.nual channels 
th l P _ 0 :rTl. S ° ,U l°lr density of the polymer solution (in this case cellulose) may be 



formLg agent h 0 : e P ver this method is generally less successful in producing secondary pores of a required 
size (as previously described)^ conven tional adsorbent media. For example, 

Barnes Wh^man CM52 and Indion HC2, both of which are carboxymethyl celluloses), where under s.m.lar 

mmmmm 

r. e g af e ron procls in Ihis V*. pes ar, Sub s,an t ia,,y maintained a, Mr p, e d„erm,™d a- 
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io ^mnioto in this case the oorous cellulose 

Iss-tranU- kinetics are Impaired. I. too high, undes,-ab,e ge, lormaf.on may res* w.,h 
Me ZT S jlTo^c°Zs^ a agan, „il, depend on me flexible sponge materia,. In ,ne case o. 

Pre, re d crrstS°sponge may be further treated with, for example hot sodium hydroxide solution. This 

™TL ease where .he sponge is formed in situ .hen ,he cross-linking agent may be par, o, ,he sponge 

^^T^JZT^^XZ^^V^ -oi-d by 

onH 1 ^.nrnnane sultone. ... : *u 

° T°^Ta^ ^^c" S^^^^SrsucT M " enzymeV An' example of the iatter type 
lectins, or groups wrucn can iix uiuuy y o,,rrp<!«5ivelv with carbonyl diimidazole, p-amino- 

L a :z: e TJz"TJZ< r : 9 — rLa B ^ , y s p y 

Tn , d*ddy, "he, sodium borohydrid, (,o produce epoxy groups,. irr,inod„=e,,c acid, and a znc or 

is copper salt. mf>H i,, m ran be further treated so as to modify the pore surface 

The resulting sponge ^adsorbent medium can be further e p0 | ye thylene imine or 

?on eXo^ groups can be introduced into the regenerated cellulose sponge bv ■ spr aying^o soak ng of he 

ss SuTsUe ..ha— -:^r^, b aS^^'^ 

^TE^^^S^SSi «,.e,natL,y the cellulose sponge may be pLeed in . 
noISg and 7, iactL solutions passed through the sponge. Heating may be affected by the use of a 
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pre-heated inert liquid or gas. : .k * a o««nt in„«ntinn mav be in the form 

The body of flexible sponge material usea .n " ••■»• "~ " ; """J''"" , \ A|thouah it is 

of a block an annulus a continuous sheet, a rolled sheet, a disc, a tape, a rod or a pad Although it is 
possi e to u e the adsorbent medium in a free form, it is generally used in apparatus , having an ,n, * fa 
Nouid an outlet for liquid (which may in some embodiments, be the same as the inlet or, in other 
^ "ente spaSd i«,m said inlet) so as to define a path for liquid flow between the inlet and the outlet, 
adsorbent medium being positioned across said liquid flow path. 

^SUTmedium fs genera,,, used in block form in the apparatus which means < at the* , ,s M fle 
pos s, MW ,ha,,i qUia c r ,, r P :r n, rj n«r„a^ 

^ZZZ~Z:.:7Z:l?~ medium under compression across the iiduid flow 

nath such that liquid flows from the inlet through the adsorbent medium. w , hlw 

path such that nqu ^ pre ferabi y such that the lateral dimension is at least 1% more preferably 

1 0%) less than the corresponding dimension of the adsorbent medium in 



Th e degree of co mpression is 



at least 3% (such as 3 to 
Unre Thfu e se SThe adsorbent medium under lateral compression in the apparatus invention 
is such that short-circuiting (that is. passage of liquid through the apparatus without contact with the 

^Tl^lTSt present invention, the adsorbent medium may be in the farm of . flexible 
bloc .ZcTTZ form of a cylinder with the inlet and/or outlet connected to the axial core to the 
cS«T!l ■ pifamad that the adsorbent medium should be under substantia^ uniform compression 

thr0 The°aprarrs m may be primed for use by inserting the adsorbent medium in the liquid path in at least 

stacked in a column for use. for sample in chromatographic separat, on when^ malenal to be separated 
could be selectively eluted from different pads or discs, or parts thereof, in Ihe stacK. 

^process, soon as -he fsofat^ n of P ro,.,ns Jfor .amp, from ™J 



such as the iso ation or proteins viui ba«iv«, — ■/ -• --■> ■■ 

'nf'oo'velectrolytes (e.g. humic acid), or radioactive reagents by ion-exchange from hquid 

■_ o ;« nrpferablv followed by successive compression and decompression;, 

^^ht^e of successive compression/decompression phases enables a high degree of 
^^—^■.3, be used partial,, compressed 

volume, without substantial impairment of liquid flow). nrnuiriltfi a metho d of isolating material 

t rom 4 ,CTas7rh^ 



7 



EP 0 530 258 B1 



. . — it.. ^nh.aiar-tmhrto material a nrntflin or the like> tn 

invention so as to cause saia maienai i*miui .o iy H ,uc„ y „ K ~., ,.- • •• ■ " " ' ;- 

be adsorbed from the liquid, terminating the flow of liquid, and compressing the adsorbent medium. This 
compression allows elution with a lower volume of desorbent. 

The adsorbent medium need not necessarily be used vertically; for example, in some embedments, it 
may be used horizontally (unlike, say. conventional granular ion-exchange media, which must be used m 
vertical orientation). 

According to the invention the sponge adsorbent medium may be reduced to a powder which may then 
be reconstituted into a solid form, eg by the use of an adhesive. 

The invention will now be illustrated by reference to the following Examples and Figures, which do not 
limit the scope of the invention in any way. 

Examples 2 3, and 4 illustrate methods of treating a cross-linked cellulose sponge obtained by the 
m ethod nf Exa mple 1. with a reagent which introduces functional groups. Examples 5 to 12 illustrate the 
properties of a resultant treated sponge. 



a) . Production of Viscose . 

500 a of aikaiine cellulose was prepared containing 137.5g of cellulose. 77.5g of NaOH and 285g of 
' water The average degree of polymerisation of the cellulose had been reduced to approximately 200 by 
I. aine oxidative' degradation. This was transferred to a z-arm mixer and reacted with Og of carbon 
disulphide at 32 -C for 60 minutes. 250g of 19% NaOH and 1275g of chilled water were then added to 

mak The S viJcose was then further processed according to any of the following methods to produce a 
cellulose sponge from which anion and cation exchangers or affinity material could be produced. In each 
case a flat sheet (although other forms such as a block or annulus could be produced) of porous adsorbent 
material with a thickness of approximately 5mm was produced, which was washed and treated with 0.1 M 
HCI to dissolve the calcium carbonate, and then further washed and de-watered. In method 2, 50g of the 
porous sheet material was further treated with dichloropropanol. 

Method 1 

To 1500q of the viscose was added: 32g of cotton linters and 5000g of crystals of sodium sulphate 
decahydrate (particle size range from 1000 to 3000 microns). The resulting mixture was blended to produce 
a paste. The paste was then moulded between 2 plates of perforated stainless steel and regenerated in 
sodium sulphate solution at 95 * C. 

Method 2 

TO 1500Q Ot tne VISCOSe was auueu. oty ^. v-^w . o - - - 

decahydrate (particle size range from 200 to 400 microns), and I000g of powdered calcium carbonate 
(particle size less than 2 microns). The resulting mixture was blended to produce a paste. The paste was 
then moulded between 2 plates of perforated stainless steel and regenerated in sodium sulphate solution at 
95 -C. 

b) . Production of Cross-Linked Cellulose Sponge - 
Method 3 

To 1500q of the viscose was added: 15 ml of epichlorohydrin, 80g of cotton linters, 5000g of crystals of 
sodium sulphate decahydrate (particle size range from 1000 to 3000 microns), and I000g of powdered 
alcium carbonate (particle size less than 2 microns). The resulting mixture was b ended to produce a 
pa te The paste was then moulded between 2 plates of perforated stainless steel and regenerated in 
so um sulphate solution at 95 -C. The resulting regenerated materia, had a water 3 ^ 
a porous volume of 91%. In this method cross-linking was achieved simultaneous with regeneration of the 
sponge. 
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50 g of cellulose sponge produced according to method 1 was treated with 0.6 to 5.0 M NaOH over a 
one hour period with 250 to 2000 ml of liquid containing 1% to 5% v/v of dichlorohydnn. The sponge was 
subsequently cured at 60 'C for up to 1hr. The resulting material was a porous cross-linked cellulose 
soonae from which anion and cation exchangers or affinity material may be produced. The result.ng 
material had a water retention value of 3.4; similar runs can be operated with water retention values in me 
range 2 to 6. The porous volume of the resulting material was determined by column tracer flow using 
acetone and was found to be 92%; similar runs can be operated to give porous volumes in the range 70 to 
98% A sample of the material was cut to obtain a clean cross-section and freeze dried to remove water. 
The latter was then examined by SEM. The average primary wall thickness was estimated to be about 20 
microns- similar runs can be operated to give average wall thicknesses in the range 2 to 300 microns. The 
variance in wall thickness could be achieved by changing either the cellulose content of the viscose or the 
amount of cotton linters and pore forming agent in the paste. 

Method 5 

50g of cellulose sponge produced according to Method 2 was subjected to cross-linking as in Method 
4. The resulting material had a water retention value of 3.3%, a porous volume of 94% and a primary wall 
thickness of 7 microns. 

Example 2 

Carboxymethyl cellulose was produced by taking 50g of a cross-linked cellulose sponge, obtained by 
method 4 of Example 1. and adding thereto 400 ml of a solution of 5M NaOH and 80 g of sod.um 
chloroacetate and maintaining the mixture at 100-C for 1hr. The resultant medium has a protein capacity of 
2 g per dry gram of sponge with a maximum liquid flow in excess of 40 metres per hour and also a water 
retention value of 3.2. 



30 Example 3 



Sulphopropyl cellulosic sponge is produced by taking 50 g of a cross-linked cellulose sponge, obtained 
by method 4 of Example 1 and adding thereto 1000 ml of a solution containing 5M NaOH and 590 g of the 
,hi nm h.,H m »« nrnnan* suinhonic acid and maintaining the mixture at a temperature of 



sodium salt of chlorohydroxy propane sulphonic acid and maintaining the . 

100-C for 3hrs. The resultant cellulosic sponge material has a protein capacity of one grasper dry gram 
with a maximum liquid flow rate in excess of 4 



3 metres per hour and a water retention value of 3.4. 



Example 4 



chlorohydroxy propyl trimethyl ammonium chloride and 1.74 g of sodium borohydride and mainta.n.ng the 
mixture at 50 -C for 2 hrs. The resultant cellulosic sponge material has a protein capacity of 1.5 g per dry 
gram with a maximum liquid flow rate in excess of 40 metres per hour and a water retention value of 3.3. 



Figure 1 shows comparative flow rates through three cellulosic media. Curve A corresponds to a 
medium obtained according to Example 4, Curve B corresponds to CM52 and Curve. C corresponds to 
Indion HC2 The flow rates were measured using a column of height 4mm and an internal diameter of 
43mm. under a pressure of one bar. As seen in Figure 1, a flow rate of about 90 metres per hour is 
obtainable using a cellulosic medium produced according to the present invention, whereas (low rates of 
less than 40 metres per hour (about 20 and 35 respectively) were obtained using CM52 and Indion HC2. 

Fiqure 2 shows comparative velocities through cellulosic media. A column of 100mm x 26mm was 
packed with a cellulosic medium obtained according to Example 4 and a maximum "o^^* 9 ™*^ ° f 
10 metres per hour was achieved (Curve A), the column was similarly packed w.th CM52 and HC2 both 
achieving maximum flow rates of less than 1 metre per hour (Curves B and C respectively). 
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, .# a-t . ~i — rs^^unri »«/.t*-i a poiinin^ir mpnium nniHinHti Hcnnminn Tr. 

A column oi luvntin * it/unn «oo <»»w - — => — 

Example 4 and a maximum flow rate of 9 metres per hour was obtained (Curve D). 

Referring to Figure 3, there is shown a comparison of the adsorption kinetics of regenerated cellulosic 
sponge obtained according to Example 4 with the adsorption kinetics of HC2 and CM52 cellulosic media. 
All three media were arranged in a 30mm x 25mm via column adsorbing protein in recirculation batch mode 
at a flow rate of 4 metres per hour. The dimensionless rates for the three media were 0.35, 0.15 and 0.1 
respectively. 

Figure 4 shows the effect on bed resistance when sponge made according to the invention is 
compressed by a factor of 1.25 (Curve A) and a factor of 2 (Curve B). 

Example 6 

Cross-linked porous regenerated cellulose was made according to txample i and converted to 
carboxymethyl cellulose according to Example 2. This was then used for the separation of ovalbumin, 
conalbumin and lysozyme from fresh egg white, in a single step. The conalbumin and lysozyme were 
assumed to be 95% pure by gel electrophoresis and the overall process had a productivity in excess of 80 
kg/m/hr. . t . . , 1U 

130ml of 14mg/ml of fresh egg white of pH 4.8 and ionic strength of 2.3 ms/cm is fed to a bed of the 
CM-porous sponge media contained in a column of 250 x 10mm diameter and recycled 18 times through 
the column After washing the column with loading buffer of 0.01 M sodium acetate at pH 4.8 for 3 minutes, 
eiution of the conalbumin and lysozyme was effected with a salt gradient using 250 ml of 0.6M sodium 
chloride solution and 250ml of 0.01 M sodium acetate buffer at pH 4.8 at a flow rate greater than 9 
metres/hr. The resulting loading and eiution profile are illustrated in Figure 5. 

This example shows that high resolution separations can be achieved at fast flow rates using a sponge 
adsorbent medium with primary pores which make it suitable for commercial scale operation. 

Example 7 

In this Example a comparison is drawn between two carboxymethyl derivatives prepared as in Example 
2 the first derivative being prepared from viscose having primary pores in the range 1500 to 3000 microns 
(as produced according to Method 1 of Example 1) and the second derivative being prepared from viscose 
having primary pores in the range 250 to 500 microns respectively (as produced according to Method 3 of 
Example 1). The results of the experiment are shown in Figure 6. 

In both cases the CM-Porous sponge media was packed into a column of 20 x 25mm diameter and a 
0 01 M sodium acetate buffer solution, at pH 4.5, containing 1 mg/ml of lysozyme, was pumped through the 
columns at a flow rate of 4 metres per hour until the lysozyme concentrate in the output was 50% of that at 
the input of the column. The quality of resolution was similar in both cases. The time required to reach the 
breakthrough point was three times longer for the small pore structure compared to thatjor the larger pore 



nign now rate wraui woa wnom<;i^ "~ ■■ — •■— --■ ■ 

was maintained. To illustrate the amount of bound lysozyme the latter was eluted from the column i 
single step with carbonate buffer at pH 9. 



This example demonstrates the use of compression of a porous adsorbent medium to concentrate a 
dilute protein solution during an adsorption process. A 320 times concentration factor of the protein solution 

""crasHnked porous cellulose sponge was prepared according to Method 4 of Example 1. The sponge 
had a porous structure with primary pores in the range of 1000 to 3000 microns and was converted to make 
CM cellulose porous sponge according to the method of Example 2. The sponge was then cut into a disc of 
dimensions 5mm x 25mm diameter and inserted into a small column. 1500ml of lysozyme at a concentra- 
tion of 0 1 mg/ml in 50mM acetate buffer at pH 4.5 was then recirculated through the disc at a flow rate of 
36 m/hr for 30 minutes. The disc was then washed with at least 10 times the disc volume of load.ng buffer 
and mechanically squeezed to remove excess buffer. 2.5 ml of 0.25mM sodium carbonate. pH 10.6 buffer 
was added to saturate the disc. After five minutes the eiution buffer was mechanically squeezed from the 
disc and collected; the buffer contained lysozyme at a concentration of 32 mg/ml. 
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Example 9 

This example shows that an adsorbent medium produced by a method according to the present 

invention comprises channels having a greater proportion by volume of the medium than do the cor- 
s responding channels of a particulate adsorbent material. This is an important reason why an adsorbent 

medium produced by a method according to the present invention has superior flow characteristics 

compared to known particulate materials. 

A comparison is drawn between the total pore volume and the voidage (the primary pore volume/the 

space between particles) for CM cellulose sponge, Pharmacia Fastflow Sepharose CM, Whatman CM52 and 
w High capacity Phoenix CM. A column of height 50mm and diameter 10mm containing the respective 

adsorbent material was set up in . each case and size exclusion data determined using 0.5% acetone and 

0.9g of blue dextran (molecular weight at 2,000,000). 0.25ml of each of these solutions was injected into the 
stre am of a co l umn f l ow i ng w i th water a t- a f l ow r a te of 0 . 35m l /min . The values for acetone show the total 

void volume and the values for blue dextran the fractional voidage. 
is The results are shown in the following table. 



Porous Vol. 


Acetone 


Blue 
Dextran 
% 


Sponge Adsorbent Medium (produced by a method according to the present invention) 

Pharmacia 

Whatman 

Phoenix 


94 
94.5 
82 
92.5 


69 
43 
25 
23 



This example demonstrates the superior flow rate and kinetic properties of a sponge adsorbent medium 
according to the present invention as compared to those properties of a particulate medium. A single 
protein, Human Serum Albumin (HSA), is studied for simplicity. The maximum capacities (Qm) and 
dissociation constants (Kd) were determined for Pharmacia Fastflow DE Sepharose and quaternary methyl 
ammonium (QMA) sponge as prepared in Example 4. The results were: for the Pharmacia Sepharose, Qm 
= 98g/l and Kd = 0.2mg/ml; for the sponge Qm = I9g/I and Kd = 0.04mg/ml. 

In most large scale commercial processes the product of interest is often present at a concentration of 
approximately 1 mg/ml. In order to test the relative potential productivities a solution of HSA at 1.0 g/l was 
loaded onto columns of similar capacity containing Pharmacia Sepharose and the sponge adsorbent 
medium respectively. The column containing the Pharmacia Sepharose was loaded and eluted at a flow rate 



of 5.2 g/l was achieved. 

A similar experiment was carried out using the adsorbent sponge except that the column was loaded 
using feed recirculation at a velocity of 9.2 m/hr. A potential productivity of 40 kg.m 3 /hr at a yield of 95% 
and an eiuted concentration of 4.8 g was achieved. 

Example 1 1 



In order to illustrate the effect of the fibrous reinforcement, samples of sponge with and without fibrous 
reinforcement were made according to Example 1. The compressive modulus was then measured in a fully 
saturated condition after immersing the sponge in distilled water for 48 hours. The compressive modulus for 
the non reinforced material was 0.2 MPa whereas that for the reinforced material was 2 MPa. The non 
reinforced sponge was considered too compressible for its proposed use and deteriorated easily during 
attempts to further process it. 

Example 12 

This example shows how the properties (e.g. total void volume, fractional voidage and primary pore wall 
thickness) of a regenerated cellulose sponge are dependent on the components present in the solution of 
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sponge forming maienai irum wniCn mo ^ohuiuo.v- o H v.. a « .- a 

Four viscose samples were produced according to Example 1, the composition of each viscose sample 
is shown in the following table. Each viscose sample was regenerated and cross-linked according to 
methods 1 and 3 of Example 1 respectively. The quantity of hydrated sodium sulphate and cotton linters 
used in the reaeneration of the viscose was varied for each viscose sample. 

The following table illustrates the individual compositions and properties of each viscose sample. 



Components present in the solution from which the cellulose sponge is regenerated 



Cellulose % 

Cotton Lint o rs % 

Sodium Sulphate % 
Total Void Volume % 
Fractional Voidage % 
Wall Thickness (microns) 



The main effect of lowering the quantity of hydrated sodium sulphate present in the polymeric solution 
is to reduce the voidage of the resultant cellulose sponge medium. 

Increasing the quantities of cellulose and fibrous reinforcement in the polymeric solution decreases the 
total porous volume of the cellulose sponge adsorbent medium. Sample 1 was considered suitable for the 
adsorption of macromolecules. Sample 4 however could be substituted to give the highest ion exchange 
capacity per unit volume and was most suitable for the adsorption of small mineral ions. 



A method of preparing a sponge adsorbent medium, which method comprises: 

cross-linking a flexible hydrophilic sponge containing substantially uniformly distributed fibrous re- 
inforcement, and, simultaneously or subsequently, reacting the sponge with a reagent which introduces 
functional groups into the sponge, characterised in that said reinforcement is hydrophilic and said 
cross-linking is controlled so as to ensure that the resulting sponge has a water retention value of 2 to 



A method according to claim 1 , wherein said adsorbent medium comprises an interconnecting porous 
structure having a primary pore wall thickness in the range of 2 to 300 microns. 



A method according to clain 



r 2, wherein said adsorbent medium has a total void volume in the 



A method according to any of claims 1 to 3, wherein cross-linking of said sponge comprises contacting 
said sponge with a liquid comprising an aqueous alkaline solution having dissolved therein a chemical 
cross-linking agent for said sponge. 

A method according to claim 4, wherein said cross linking agent comprises dichlorohydrin or 
epichlorohydrin. 

A method according to any of claims 1 to 5, wherein said reagent introduces any of the following 
functional groups into said cross-linked sponge: 

ion-exchange groups, metal chelates, antibodies, antigens, dyes, lectins, or groups which can fix 
biologically active materials. 

A method according to any of claims 1 to 6, wherein said sponge is of a polysaccharide. 

A method according to any of claims 4 to 7, wherein said fibrous reinforcement comprises hydrophilic 
fibres which are reactive with said cross-linking agent. 
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A method according to claim 8, whereii 
amount of 5 to 50% by weight. 



said hydrophilic fibres comprise cotton linters present in an 



• w liouid and an outlet for liquid so as to define a path for liquid flow 

,o - ssr^2 - « sns.'. ~;:r ° b,ainawe ov a me,hod as 

defined in any of claims 1 to 9. is positioned across sa.d liquid flow path. 

„■ ♦ .i ai m m wherein said sponge adsorbent medium is under compression across 
11. Apparatus according to Ca m 0. whe *^ * S |p|et thrQugh the adsorbent medium , and 

the liquid flow path such that, "se. hq u d w , ^ ^ substantia , |y uniform 

z^i^^^^^ r of is at least 1% ,ess than the 

corresponding dimension of the adsorbent medium in unrestrained form. 



> , - m m nr 11 wherein said apparatus is provided with means for compression 
rSSSSST-^i-" * -cess,»e, y compressed an. decompressed. 

which method comprises llowing hqutd I ram .he terminating the flow of 

so" to — ^ . - -P~ - - ~— 

Patentanspruche 

, vertahren 2U m Hersteiten eines 

la, Schwamm. der eine im 9'"*™*' ^2eTStonsp»tner umgesetzt wi,d. der 

wird U „d gieichzeitig -^^J^^^^^S^ « * ~^ T 

Wasserruckhaltewert von 2 bis 6 sichergestellt wird. 
2 bis 300 Mikron hat. 

- u , k o wnrin das Vernetzen des Schwamms beinhaltet, dafi der 

5 . Ver,ahr.n nach Anarch 4. worin das Vernetzungsmitte, Dichiorhydrin ode, Epichiorhydrin anthSit. 

^ „ „„-,^h. 1 bis 5 worin der Heaktlonspartner irgendeine der tolgenden 

6. Verfahren nach einem der Ah pruch. 1 b,s ^ wo !ons „ austausche , gru ppen. Metallchelate. 

5 ^ZTS^™"^- * **- — — *— " k5nnen ' 

, vortahran nach einem der AnsprOche t Pis e. worin dar Schwamm aos ainem Poiysaccharid Pesteht. 
„ a. Vertahren nach ainem de, AnsprOche 4 Pis 7. worin dia ,asera rt iga Versing hydrophite Fasern 
enthait. die gegeniiber dem vernetzungsmittel reaktiv and. 
9 . vertahren nach Anspruch 8. worin die hydrophiien fasern Ba u mwo„-Lin,e,s enthaiten. d,a in eine, 
Menge von 5 bis 50 Gew.-% vorliegen. 
" 10. Vorrichtong m» einem ^^S^r— ^ 
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_ n..rrhnann fiir fiinfin Flussiakeitsstrom angeordnet ist. 

ernamicn isi, quo iu u<=n. a o.— — . a — 

11 Vorrichtung nach Anspruch 10, worin das schwammartige Adsorptionsmedium unter Kompression quer 
" zu dem Durchgang fur einen Flussigkeitsstrom derart angeordnet ist, dafl be, Benutzung Fluss,gkeit 
s vom EinlaB durch das Adsorptionsmedium stromt, und dafi die Kompression des Adsorpt,onsmed,ums 

derart ist dai3 sich dieses Medium Uber sein Volumen hinweg im wesemncnen urner gieicnmauiger 
Kompression befindet und eine Seitenabmessung des Mediums urn mindestens 1% Kleiner ist als die 
entsprechende Abmessung des Adsorptionsmediums in unbehindertem Zustand. 

,o 12 Vorrichtung nach Anspruch 10 Oder 11, worin die Vorrichtung mit Mitteln zum Komprimieren des 
Adsorptionsmediums versehen ist, wodurch das letztere schrittweise kompnm.ert und dekompnmiert 

werden kann. 

13 Verfahren zum Isolieren eines Stoffes aus einer fiussigen Phase, der einen Polyelektrolyten Oder ein 
, 5 Protein enthalt, wobei eine Flussigkeit vom EinlaS zum AuslaR einer Vorrichtung gemaG e.nem der 

Anspruche 10 bis 12 derart stromt, daB der genannte Stoff von der Flussigkeit adsorbiert wird, das 
Stromen der Flussigkeit beendet wird und das Adsorptionsmedium komprimiert w.rd. urn die Fluss.g- 
keit aus dem Medium auszutreiben. 

20 Revendications 

1. Precede de preparation d'un milieu adsorbant formant eponge, ledit procede comprenant les etapes 

^refciterune eponge souple hydrophile contenant des renforts fibreux repartis de facon '"tataritiel- 
nent uniforme et, simultanement ou ensuite, a faire reagir I'eponge avec un reactif qui introdu, des 



lement uniforme et, simultanement ou ensuite, a taire reagir i eponge avw. u„ H - ■ ™ — - 

groupes fonctionnels dans I'eponge. caracterise en ce que lesdits renforts sont hydroph.les et ad te 
Lpe de reticulation est controlee de maniere a s'assurer que I'eponge obtenue a un coefficient de 
retention d'eau compris entre 2 et 6. 

2 Procede selon la revendication 1, dans lequel ledit milieu adsorbant est constitue par une structure 
' poreuse formant des interconnexions presentant une epaisseur primaire de paroi des procs compr.se 

entre 2 et 300 microns. 

3 Procede selon la revendication 1 ou 2, dans lequel ledit milieu adsorbant presente un volume de vides 
total compris entre 70 et 98 %. le vide fractionnel n'excedant pas 95 % de celu.-c. 

4 Procede selon I'une quelconque des revendications 1 a 3, dans lequel I'etape de reticulation de ladite 
eponge consiste a mettre en contact ladite eponge avec un »q«|deJormant^n^solut.on alcalme 

5. Procede selon la revendication 4. dans lequel ledit agent reticulant est de la dichlorhydrine ou de 
I'epichlorhydrine. 

G Procede selon I'une quelconque des revendications 1 a 5, dans lequel ledit reactif introduit dans ladite 
' eponge reticulee run des groupes fonctionnels suivants: des groupes echangeurs d'ions des chelates 
de metaux. des anticorps, des antigenes, des colorants, des lectines, ou des groupes capables de f,xer 
des substances biologiquement actives. 

7. Precede selon I'une quelconque des revendications 1 a 6, dans lequel ladite eponge est constitute 
d'un polysaccharide. 

8. Procede selon I'une quelconque des revendications 4 a 7, dans lequel les renforts fibreux sont 
constitues de fibres hydrophiles que reagissent avec ledit agent reticulant. 

9. Procede selon la revendications 8, dans lequel lesdites fibres hydrophiles sont constitutes de linters de 
coton presents dans une proportion de 5 a 50 % en poids. 
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10. Appareii presentant une entree de liquide et une sortie de liquide, de facon a definir entre I'entree et la 
sortie un passage pour un flux de liquide, dans iequei un miiieu adsorbant formant eponge, pouvant 
etre obtenu grace a un procede tel que defini dans Tune quelconque des revendications 1 a 9, est 
place en travers dudit passage pour flux de liquide. 

11. Apparei! selon la revendication 10, dans lequel ledit milieu adsorbant formant eponge est comprime 
dans le passage pour flux de liquide, de maniere teiie qu'en service, ie iiquide s'ecouie a pariir de 
I'entree a travers le milieu adsorbant et ladite compression dudit milieu adsorbant est telle que ledit 
milieu subit une compression substantiellement uniforme sur I'ensemble de son volume et qu'une 
dimension laterale de celui-ci est inferieure d'au moins 1 % a la dimension correspondante du milieu 
adsorbant non comprime. 

1 2. App areii sel on Ig revindication 10 ou 11. dans lequel ledit appareii est pourvu de moyens destines a 
comprimer ledit milieu adsorbant, ce dernier pouvant etre successivement comprime et relache. 

13. Procede destine a isoler d'une phase liquide une substance constitute d'une substance polyelectrolyti- 
que ou d'une proteine, ledit procede comprenant I'etape consistant a faire circuler un liquide, de 
I'entree a la sortie de I'appareil conformement a I'une quelconque des revendications 10 a 12, de 
maniere a faire en sorte que ladite substance soit adsorbee a partir du liquide, a stopper recoupment 
du liquide et a comprimer ie miiieu adsorbant de fagon a exprimer du liquide dudit milieu. 



25 



45 



50 



55 



15 




PRESSURE FLOW CHARACTERISTICS 



A 




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Column inlet pressure. BAR 

■ Monolithic media Fi 9 ul 
♦ Granular amorphous cellulose media 
» Granular crystaline cellulose media 
Column dimensions 100mm • 26mm dia 
a Monolithic media 

Column dimensions 100mm • 147mm dia 
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SEPARATION OF EGG WHITE 
on 10mm dia x 250mm long column 




Time (min) 

Flow rate 9 meters per hour 
Productivity 87 kg protern/m3/hr 

Typical for commercial media 
Flow rate 0.3 meters per hour 
Productivity 6 kg protein/m3/hr 



100 
Figure 5 



Effect of Structural change on breakthrough 



0 18 36 54 72 90 

Time (min) Figure 6 

Loading Img/ml protein to 50X breakthrough 



